This study was undertaken to assess the adoption level as well as farmers' attitude towards cultivating Bangladesh Agricultural Research Institute (BARI) developed improved sesame varieties and its technology management as well. Keeping this view in mind, primary data were collected from major three sesame growing areas of Bangladesh namely, Comilla, Jessore, and Faridpur districts. A total of 540 samples, selected using stratified random sampling method, were interviewed using pre-tested and structured questionnaires. Results reveal that the improved sesame seed adoption level is around one fifth of the total sesame cultivation. The adoption of relating technologies regarding input usage and agronomic practices also depicted similar characteristics due to not taking up recommended improved seed package. Analysis also showed that availability of family labor, application of improved seeds and monitoring and supervision of extension personnel's have significant contribution on improved seed adoption levels. Although farmers opined that they would be adopting the improved sesame seeds in the upcoming fostering season in view of expanding yields, profits, labor productivity and efficient cultivation. However, many farmers have articulated their concern about unavailability of improved sesame seeds at the farm levels is a major barrier about adopting improved sesame technology.
Introduction
Sesame (Sesamum indicum), a flowering plant in the genus Sesamum, is considered one of the oldest oilseed crops, domesticating well over 3000 years ago. History evidences that thousands of years ago, in the Middle East, indigenous residents discovered the use and benefits of sesame oil, making it a major summer crop ever since. It is widely naturalized in tropical regions around the world and is cultivated for its edible seeds, which grow in pods. It is also a robust crop that can be grown in various abiotic stress conditions(http://en.wikipedia.org/wiki/Sesame# Origins). In Bangladesh, sesame is an important summer oilseed crop occupying 9.4% of the total oilseed area (BBS, 2012) . Sesame is highly beneficial as it contains 42-50% oil and the oil contains 42% essential linoleic acid, 25% protein and 16-18% carbohydrate. Moreover, premium quality edible and medicinal oil can be extracted from sesame, which can be conserved for a long time. Sesame oilcake is good feed for poultry, fish, cattle, goat and sheep (Khan et al., 2009 ). Unfortunately, the major obstacle to sesame expansion is low seed yield which results due to Institute (BARI) has released four improved varieties of sesame, of which the first variety was Til-6 which was released in 1976. All these varieties are late in maturity and very much susceptible to excess water.
Due to high competition among different high valued crops over the years, the acreage and production of sesame have dramatically decreased. More precisely, the area under sesame cultivation was 90.82 thousand hectares in 1989, whereas it decreased to 35.67 thousand hectares in 2012 (Miah et al., 2014) . In 2012, the sesame cultivating area was 33.20 thousand hectares and the production was 30 thousand tons (BBS, 2012) .
Adoption information on improved sesame varieties is very sporadic. Raikwar and Srivastva (2013) conducted a study on productivity enhancement of sesame through improved production technologies in Madhya Pradesh, India. The study revealed that the improved sesame variety produced a mean yield of 5.34 q/ha which was 34% higher than farmers practice yield of 3.45 q/ha. The improved variety resulted higher mean net income of Rs.12914/ha as compared to local practice (7740/ha). With the financial and technical support of the Krishi Gobeshona Foundation (KGF), Akbar (2011) conducted a study at Manikgonj and Faridpur district on the adoption of modern rapeseed and sesame varieties with improved production technology for minimizing yield gap The study revealed that improved variety BINA Til-1 produced 83% higher yield (1456 kg/ha), while BARI Til-3 produced 56% higher yield (1244 kg/ha) compared to local check (793 kg/ha). Again, BARI Til-4 produced the yield of 1536 kg/ha which appeared to be as 93% higher in yield compared to check variety. Salam et al. (2011) assessed the status of adoption and estimated the profitability of sesame production in Jessore and Kushtia districts. Agronomic practices like method of land preparation, time of seed sowing, disease and pest control measures were highly adopted at farm level. The estimated net returns of Tk. 13947 and Tk.6211 per hectare was for improved and local variety respectively.
So, it is clear from the above discussion that indepth studies on improved sesame adoption are quite absent in the past. The adoption of improved sesame technologies at farm level is very essential as it will benefit our farmers in receiving higher yield and income. Policy makers, extension personnel, NGOs, and concerned scientists of our country can formulate appropriate policy using up-to-date adoption information for developing the crop throughout the country which will later be beneficial to the sesame farmers. Therefore, the present study was undertaken to:
i. study the adoption status of improved sesame varieties and their production technologies at farm level; ii. find out the factors affecting the adoption of improved sesame technologies at farm level; and iii. know farmers' experience with and attitudes toward improved sesame cultivation.
Materials and Methods

Sampling technique
A multi-stage sampling procedure was followed to select sample farmers. In the first stage, three major sesame growing districts namely Comilla, Jessore and Faridpur were selected for the study. Again, three highest sesame growing Upazilas from each district were selected in consultation with the Agricultural Officers of the respective Upazilas for conducting farm survey. A total of 540 (3 districts × 3 Upazilas × 60 HHs) sesame cultivating farmers were randomly selected and interviewed for collecting field level data and socioeconomic information for the study.
Analytical techniques
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into three categories such as high, medium, and low adopter based on the percentage of farmers who followed recommended practices with respect to each technology. A higher percentage indicates a higher level of adoption, while a lower percentage indicates a lower level of adoption of a technology. Adoption levels were categorized as (70-100%) as high, (50-69%) as medium, and <50% as low; which was followed by different researchers (Islam et al., 2013; Salam et al., 2011; Miah et al., 2010; .
Probit and Logit models have been extensively used by agricultural production and farming systems economists for studying and analyzing farmers' adoption and diffusion of agricultural interventions since long. Probit model is based on a cumulative normal distribution function which is symmetric around zero with variance equal to 1 (one). In Pakistan, Malik et al. (1991) used Probit analysis to examine the role of credit in agricultural development and Heisey et al. (1990) used this to identify the determinants of farmer awareness and adoption of wheat varieties. Traxler and Byerlee (1992) also used this analysis to identify the characteristics of insecticide farmers. Present study also used Probit regression model to find out the factors influence to adopt improved sesame variety.
The dependent variable of this model was adoption of improved varieties. It is known that the dependent variable is dichotomous so, Ordinary Least Square (OLS) couldn't be used. Therefore, MLE method was followed to run the Probit model using STATA software. The empirical probit model was:
A i = α + β 1 X 1 ++ β 2 X 2 + β 3 X 3 + β 4 X 4 + β 5 X 5 + β 6 X 6 + β 7 X 7 + β 8 X 8 + ……..+ U i
Where, The independent variables are briefly defined below, while the descriptive statistics of those variables can be seen in Appendix-1.
Farm size:
Farm land size is expected to affect the adoption of new technology positively (Miah et al., 2014) ). Therefore, under subsistence agriculture, holding size (in decimal) is expected to play a significant role in influencing the adoption of improved sesame varieties at farm level.
Family labour: It was observed that the households with more farm labourers adopted improved sesame variety higher than the households having less farm labourers. Therefore, number of family labour (in manday/ha) was considered as an independent variable in the model. In the study areas, respondent households have used only adult male labourer.
Education:
The higher level of education increases the skills, understanding and outlook of a person. Therefore, education (year of schooling) was expected that higher levels of education help farmers to adopt improved sesame technologies at farm level.
Training: Farmer's training on crop production is important because it usually improves their technical skills on crop production practices and related aspects. Due to lack of training facilities, many farmers cannot harvest good profit through cultivating high-value crops. Therefore, it was expected that the adoption of improved sesame varieties would be influenced by training.
Availability of improved seed:
The studied sesames cultivators collected or bought improved seeds from different sources. The availability of improved sesame seeds was assigned different values ranging from 0 to 4 (0 = not available, 4= plenty) and these values were considered as score.
Cosmopoliteness: This variable was measured based on the frequency of the respondent's visit to different places outside his own village. Different values (0 for no visit and 3 for frequent visit) were assigned, based on frequency, for different places of visit. The actual score was then calculated by adding all the values. Possible scores ranged from 0 to 9.
Extension contact: Farmers with good extension linkage used to have more responsive to up-todate information regarding modern agricultural technologies than that of non-linkage farmers. Therefore, extension linkage is supposed to have a positive effect on adoption of improved sesame technologies at farm level. The respondents were asked to mention the nature of contacts they had with different individuals and extension Medias. Ten different extension Medias were considered in this study. All these Medias were assigned different values (0 for no contact and 4 for regular contact) according to their importance. The actual score was measured by adding all the values (Appendix 2). The possible scores for extension contact were ranged from 0 to 40.
Results and Discussion
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Since 1976, BARI has developed four sesame varieties. Til-6 is one of them which is currently known as local variety among sesame farmers. The adoption of improved sesame varieties was found to be very low at farm level. Evidenced also shows that this improved variety is highly intensive in sesame growing areas in Comilla (Miah et al., 2014) . Results revealed that about 21.5% of sesame farmers adopted improved varieties (BARI Sesame 3 & 4) and the rest 78.5% of them adopted BARI old sesame variety 1 and other local varieties (Table 1 ). It was reported that Cereal System Initiative for South Asia (CSISA) project played an important role in disseminating improved sesame varieties in the study areas although most of the sesame farmers in the study areas still do not know about BARI developed improved varieties.
Department of Agricultural Extension (DAE) statistics show that sesame is being cultivated in 46 districts of Bangladesh. The scenario of sesame area covered by different varieties for three years (2008 to 2011) also presents a depressing picture in Bangladesh (Table 2) . Currently, a vast sesame cultivated areas are covered by BARI old variety (Til-6) and other local varieties. Table 2 reveals that in 2010 -2011 about 11.2% area were planted improved sesame varieties, which was comparatively less than that in 2009-2010 but it was higher than the area planted in [2008] [2009] . Therefore, the pictorial evidence of area coverage implies the importance of strengthening current variety adoption efforts in Bangladesh.
Technology used in sesame cultivation
The existing technology adoption level in the sesame production is presented in Table 3 . The sesame farmers ploughed their lands using power tiller of which, 46% farmers have followed the recommended ploughing techniques. The broadcast method for sowing sesame seeds was recommended to initiate from mid January to 1 Sesame variety released by BARI before 2001 is treated as BARI old sesame variety. Only one sesame variety was released before 2001. T-6 is the most prominent and extensively cultivated old variety of sesame.
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Adoption of improved sesame technologies mid April, which was followed by majority farmers (96.5%). The recommended sesame seed rate is 7 to 7.5 kg/ha, but most of the farmers used either more or less amounts of seed than that of recommendation. Majority of the sample farmers (61.5%) did not irrigate their crop, but most of them (96.9%) weeded their crop. Like irrigation, 62% of sesame farmers did not use any pesticide to control insects. In summary, it can be said that the level of adopting sowing time and method was significant, whereas the level of recommended technology of land preparation, seed rate application, irrigation and weeding was much lower. 
Determinants of adoption of improved sesame varieties
The adoption of improved sesame varieties was likely to be influenced by different socioeconomic factors. Study results presented in Table 5 also depicts that the estimated coefficients of the availability of family labour, availability of improved seed, cosmopolitness of the farmer, and contract with different extension sources implies that these variables had positive and significant impacts on the adoption of improved sesame varieties in the study areas. The positive and significant coefficients of these variables imply that if these factors were to be increased by 100%, the probability of adopting improved sesame varieties would be increased by 0.01, 2.52, 0.63, and 0.09%, respectively (Table 6 ).
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Farmers' attitudes toward sesame cultivation
The respondent farmers were asked to mention the possibility of expanding their improved sesame cultivated area. Results show that amongst the sesame cultivators, 77.59% showed their interest to increase improved sesame cultivation areas in the coming year. While, amongst the non-adopters, 80.90% showed interest to expand their cultivable areas. About 17.24% of adopting and 15.19% of non-adopting sesame farmers did not show their interest of expanding sesame cultivation area in near future (Table 7) .
Study also analysis the reason of farmers' willingness of expanding the adopting improved sesame varieties. Results reveal that more than 77%farmers opined that this improve sesame varieties will produce higher yield as well higher prices. Besides, lowered cultivation costs and sustainable higher profits that can be attained through the instigation of improved sesame cultivation technology also the important reasons of cultivating improved sesame variety; which requires less oilseed cultivable land and labor, ultimately easing the cultivation process (Table  8) .
Some adopting and non-adopting sesame farmers mentioned various reasons for not expanding their sesame area in coming years. Of them the most important reasons were scarcity of cultivable land as they need to grow other crops. A very small percentage of respondents also mentioned that higher cost of production is a barrier to expand sesame cultivation in the next year. About 1.7% of sesame farmers mentioned that sesame cultivation is less profitable compared to maize, onion, carrot and vegetables. Some farmers did not want to increase sesame cultivation because it hampers Boro rice cultivation and lack of short duration improved variety seed (Table 8) .
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Adoption of improved sesame technologies A small number of adopting and non-adopting farmers also mentioned some reasons for decreasing their sesame area for the next year. They claimed that there existed scarcity of suitable cultivable land as they need to grow other crops and that sesame cultivation led to higher costs of production, comparatively lower profits to other crops, and lack of irrigation facility (Table 8) .
3.5. Facility needed for increasing sesame cultivation Many respondent farmers suggested that some facilities need to be created for them in order to expand their oilseed area in the near future. All of their demands are presented in Table 9 .
The availability of cultivable land is a significant element for growing or expanding area for sesame. About 6.5% of sesame farmers liked to expand their cultivation for the next year if they could manage additional cultivable land on lease or mortgages. Short duration improved oilseed varieties are pre-requisites for expanding sesame cultivation throughout the study area. Also, many farmers demanded short duration T.Aman rice variety (BINA Dhan-7) so that they can harvest T. Aman rice early and cultivate sesame in between T. Aman and Boro rice cultivation. A good number of sesame growing farmers in the study areas mentioned the need for short duration improved oilseed varieties. As good quality seeds, fertilizers and pesticides are vital inputs in the procurement process of profitable sesame production, inputs should be available to the farmers at lower prices. More than 4% of farmers requested that the government should reduce the existing input prices. As farmers require liquid money at the time of cultivation, institutional credit facilities should be made available at the proposed time period to enable farmers to increase the volume of production. Several farmers wanted easy access to institutional credit facilities consisting of feasible and lenient terms and conditions in conjunction to the overpowering, high interest rates on noninstitutional credit. Irrigation is an important input for crop production as it helps increase crop productivity to a great extent. Although, most of the study areas have irrigation facilities but, the crop production of sesame farmers are often hampered by the constraints of frequent load shedding of electricity. Nevertheless, some farmers are still distressed over the disparity of inadequate irrigation facilities. As a result, they demanded immediate reinforcement of the emphasized facilities in the study areas. Training is an important tool that enhances knowledge and skill of farmers. It is noted that a small percentage of sesame adopting and non-adopting farmers were approached to provide hands-on training regarding oilseed production. Farmers also proposed some other facilities such as strengthening extension personnels' cooperation, availability of crop threshing machine, low cost of plough, removal of water logging problem and suitable storage facility to expand improve sesame cultivation in the study areas.
Conclusions and Recommendations
The study has been conducted to assess the adoption level of improved sesame cultivation at the farm level. It can be concluded from the results that the levels of adoption of the improved sesame varieties along with their management technologies are very low in the study areas. Amongst the sesame cultivators, most of them used BARI old sesame varieties. The factors that significantly influenced farmers to adopt improved variety are family labour, availability of improved seed, farmers' cosmopolitness, and extension contract. Respondent sesame farmers face various problems during its cultivation such as lack of short duration seeds (sesame & T.Aman), infestation of insects and diseases, lack of finance in terms of liquidity and credit sources, higher cultivation costs, inconsistent supply of electricity, insufficient training and knowledge facilities, water logging and storage capacity, magnified input prices, scarcity of cultivable land and unsuitable weather conditions. Farmers' perceptions on improved sesame cultivation reveal that most of the respondent farmers wanted to increase sesame cultivation in coming years considering the higher benefit of them in compare to the local variety cultivation.
For higher adoption of improved sesame seed and technology in Bangladesh, the Government may take following measures:  Ensure the adequate supply of improved and short-duration sesame variety seeds at farmers' level.  Provide hand-on training to the sesame farmers on improved sesame cultivation and crop management practices. 
